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(54) Pressure die-casting process of magnesium alloys 

(57) A method for die-casting a magnesium alloy 
comprises the step of casting a die cast product free of 
any hot tearing, shrinkage tearing and shrinkage cavity 
starting from a magnesium alloy comprising i) 1 to 10% 
by weight of aluminum; ii) at least one member selected 
from the group consisting of 0.2 to 5% by weight of a 
rare earth metal, 0.02 to 5% by weight of calcium and 
0.2 to 10% by weight of silicon; and iii) not more than 
1 .5% by weight of manganese, and the balance of mag- 
nesium and inevitable impurities, using a cold chamber 
type die-casting machine, wherein a) the temperature of 
the molten magnesium alloy is maintained at 650 to 
750°C; b) the charging velocity of the molten metal is 
set at 1/1 00 to 10/100 second; and c) the intensified 
pressure after the charging is set at a level of not less 
than 200 kgf/cm 2 . Thus, a die cast product free of any 
hot tearing, shrinkage tearing and shrinkage cavity can 
be produced by appropriately specifying injection condi- 
tions, mold conditions, conditions for melting a magne- 
sium alloy and mold plan in the cold chamber type die- 
casting machine, or by appropriately controlling the 
temperature of the molten metal from the molten metal- 
accommodating pot to the gate portion of the machine. 
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Description 

BACKGROUND OF THE INVENTION 
5 (a) Field of the Invention 

[0001] The present invention relates to a process for pressure die-casting a magnesium alloy excellent in the low- 
temperature strength and high-temperature strength and more specifically to a process for pressure die-casting a mag- 
nesium alloy having sufficient strength even at a high temperature up to about 523K, which is required for reducing the 
10 weight of, for instance, parts for motorcar engines. 

(b) Description of the Prior Art 

[0002] There has recently been required for the improvement in the fuel consumption of motorcars because of the 
increased demand for the environmental protection of the earth and accordingly, there has strongly been required for 
the development of lightweight materials for motorcars. 

[0003] The magnesium alloy has the lowest density among the metal materials, which have recently been put into 
practical use and has intensively been expected as a future lightweight material for motorcars. The magnesium alloys, 
which have most commonly been used, are Mg-AI-Zn-Mn alloys such as AZ91 alloys (Mg-9AI-0.7Zn-0.2Mn) or AM50 
alloys (Mg-5A!-0.2Mn). The peripheral techniques such as the techniques for casting these alloys have almost been 
completely established and therefore, this alloy has, first of all, been investigated in order to reduce the weight of motor- 
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[0004] However, the strength of these alloys are reduced at a temperature of not less than 393K and these magne- 
sium alloys are not suitable for the applications such as parts of engines, which must have desired heat resistance and 
25 creep resistance at a temperature of up to about 473K. Under such circumstances, there have been developed magne- 
sium aJloys, to which silicon is added, such as AS41 (Mg-4AI-1Si-0.2Mn); those, to which rare earth metals are added, 
such as AE42 alloys (Mg-4AI-2RE-0.2Mn (wherein RE represents a rare earth metal)). Moreover, there has more 
recently been developed and proposed magnesium alloys, to which calcium is added (Japanese Un-Examined Patent 
Publication (hereunder referred to as "J.R KOKAI") No. Hei 6-25790); and those containing calcium and rare earth met- 
30 als (J.R KOKAI Nos. Hei 6-200348 and Hei 7-1 1 347). 

[0005] All of these magnesium alloys possess the predetermined heat resistance and creep resistance required for 
the parts of motorcar engines whose temperature is raised up to about 473K or even to a level on the order of about 
523K, but they have not been widely used practically except for a part thereof. This is because these alloys are suscep- 
tible to hot tearing, shrinkage tearing and/or are liable to form shrinkage cavities and further suffer from problems such 
35 as the entrapment of oxides and the formation of film play (wrinkles) on the surface of castings. More specifically, ele- 
ments such as silicon, rare earth metals and calcium are quite active and they are liable to form oxides and compounds 
are formed at grain boundaries. For this reason, it would be assumed that these alloys are highly susceptible to hot tear- 
ing and shrinkage tearing. However, the most fundamental cause of these drawbacks would be such that there has not 
yet been elucidated any casting conditions, while taking measures to eliminate these problems. 



SUMMARY OF THE INVENTION 



[0006] The present invention has been developed to solve the problems associated with the conventional tech- 
niques for developing lightweight materials for motorcars and accordingly, it is an object of the present invention to pro- 
45 vide a process for casting, according to the pressure die-casting (hereunder simply referred to as "die-casting") 
process, a die cast product, which is free of any hot tearing, shrinkage tearing and/or shrinkage cavity, using a cold 
chamber type die-casting machine, starting from a high temperature magnesium alloy, which is suitable as a material 
for preparing parts for motorcar engines, which should satisfy both requirements for high temperature strength and low 
temperature strength. 

so [0007] The inventors of this invention have conducted various studies to accomplish the foregoing object. As a 
result, the inventors have found that the problems concerning hot tearing, shrinkage tearing and shrinkage cavity con- 
ventionally observed when casting a high temperature magnesium alloy can be solved and the problems concerning 
the entrainment of oxides and the formation of film play on the surface of castings can also be solved, by casting a die 
cast product from a magnesium alloy having a specific alloy composition under specific casting conditions using a cold 

55 chamber type die-casting machine. Consequently, the inventors have completed the present invention on the basis of 
the foregoing finding. 

[0008] According to a first aspect of the present invention, there is provided a die-casting process for casting a mag- 
nesium alloy, which is a method for casting a die cast product free of any hot tearing, shrinkage tearing and formation 
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of shrinkage cavities, starting from a magnesium alloy, which comprises i) 1 to 1 0% by weight of aluminum- ii) at least 
one member selected from the group consisting of 0.2 to 5% by weight of a rare earth metal, 0.02 to 5% by weight of 
calcium, and 0.2 to 10% by weight of silicon and iii) not more than 1.5% by weight of manganese and the balance of 
magnesium and inevitable impurities, using a cold chamber type die-casting machine, wherein a) the temperature of 
the molten magnesium alloy is maintained at 650 to 750°C; b) the charging velocity of the molten metal is set at 1/1 00 
to 1 0/1 00 sec; and c) the intensified pressure after the charging is set at a level of not less than 200 kgf/cm 2 . 
[0009] According to a second aspect of the present invention, there is provided a die-casting process for casting a 
magnesium alloy, which is a method for casting a die cast product free of any hot tearing, shrinkage tearing and forma- 
tion of shrinkage cavities, starting from a magnesium alloy, which comprises i) 1 to 10% by weight of aluminum- ii) at 
least one member selected from the group consisting of 0.2 to 5% by weight of a rare earth metal, 0.02 to 5% by weight 
of calcium, and 0.2 to 1 0% by weight of silicon and iii) not more than 1 .5% by weight of manganese and the balance of 
magnesium and inevitable impurities, using a cold chamber type die-casting machine, wherein d) the temperature of 
the mold .s maintained at 150 to 350°C; e) the surface temperature of the mold at its cavity portions in which the die 
cast product is susceptible to shrinkage tearing is reduced by not less than 1 0K compared with the temperature of the 
peripheral portions of the mold; f) the air pressure in the mold during the die-casting step is controlled to a level of not 
more than 1 00 mmHg; and g) an additive for a releasing agent to be applied onto the internal wall of the mold is at least 
one member selected from the group consisting of graphite, BN, water glass, mica, silica gel, magnesium hydroxide and 
magnesium oxide. 

[0010] According to a third aspect of the present invention, there is provided a die-casting process for casting a 
magnesium alloy, which is a method for casting a die cast product free of any hot tearing, shrinkage tearing and forma- 

ton of shrinkage cavities, starting from a magnesium alloy, which comprises i) 1 to 10% by weight of aluminum- ii) at 
least one member selected from the group consisting of 0.2 to 5% by weight of a rare earth metal, 0.02 to 5% by weight 
of calcum, and 0.2 to 1 0% by weight of silicon and iii) not more than 1 .5% by weight of manganese and the balance of 
magnesium and inevitable impurities, using a cold chambertype dieting machine, wherein any oxidation of the mol- 

en magnesium alloy is inhibited, the flowability of the molten metal is improved and the entrapment of oxides and the 
formation of f.lm play are prevented by h) using a melting furnace in which a closed protective atmosphere for inhibiting 
combustion and oxidation is established over the surface of the molten magnesium alloy and i) pumping out the molten 
magnesium alloy at a portion not less than 1 00 mm apart from the surface of the molten alloy. 

[001 1] The die-casting method for casting a magnesium alloy according to the present invention may be carried out 
by combining at least two of the foregoing three embodiments according to the first to third aspects of the present inven- 
hon. More specifically, the die-casting method for casting a magnesium alloy is a method, which comprises casting a 
die cast product free of any hot tearing, shrinkage tearing and formation of shrinkage cavities using a cold chamber twe 
die-casting machine and starting from a magnesium alloy, which comprises: 

i) 1 to 10% by weight of aluminum; 

ii) at least one member selected from the group consisting of 0.2 to 5% by weight of a rare earth metal, 0 02 to 5% 
by weight of calcium and 0.2 to 1 0% by weight of silicon; and 

iii) not more than 1.5% by weight of manganese; and the balance of magnesium and inevitable impurities can be 
carried out by arbitrarily combining the following three groups of conditions: 

(I) Injection Conditions: 
[0012] 

a) the temperature of the molten magnesium alloy is maintained at 650 to 750°C; 

b) the cavity-charging velocity is set at a level of 1 /1 00 to 1 0/1 00 sec; and 

c) the intensified pressure applied after the charging is set at a level of not less than 200 kgf/cm 2 ; 

(II) Mold Conditions: 
[0013] 

d) the mold temperature is maintained at 150 to 350°C; 

e) the temperature of the mold surface at cavity portions in which the die cast product is susceptible to shrinkage 
tearing is set at a level of not less than 1 0K higher than that of the peripheral portions thereof- 

f) the air pressure within the mold during the die-casting step is controlled to not more than 1 00 mmHg- and 

g) an additive for a releasing agent to be applied onto the inner wall of the mold is at least one member selected 
from the group consisting of graphite, BN, water glass, mica, silica gel, magnesium hydroxide and magnesium 
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oxide- (III) Conditions for Melting the Magnesium Alloy: + K 

h) using a closed melting furnace in which a protective atmosphere for inhibrting combustion and ox,dat,on ,s estab- 
lished over the surface of the molten magnesium alloy; and mnlt an 

entrapment of oxides and formation of film play. 

rnm di Accordina to a fourth aspect of the present invention, there is provided a process for casting a die cast prod- 
K of an'hoTeltg shlVage tearing and formation of shrinkage cavities, which compr.es the step of prepanng 
a die cast product starting from a magnesium alloy comprising: 

5 ^ST^^^^^S^ of magnesium and inevitable purities, using a 
c^h^mberTpe die-citing machine, wherein the process is characterized by 

motten maanesium alloy at the gate portion of the cold chamber type die-casting machine to the range of from 590 
to 720° cTd mining the dLence in temperature between the molten metal present in a moiten meta.-con- 
taining pot and the molten metal at the gate portion to not more than 105K. 

Description of the Preferred Embodiments 

r0015l We will hereunder explain, more in detail, the composition of the magnesium alloy used in the dieting 
process acS to the present invention; the injection conditions and mold conditions in the d,e-cast,ng process, con- 

Xtes ^f include Mg-5A.-2Ca-2RE-0.2Mn; Mg-5A.-4CaJ.2Mn; ^^^^^^ 
Mg-9AI-2RE-1Si-0.05Ca-0.02Mn; Mg-5AI-0.5RE-0.1Si-0.1Ca-0.02Mn; and Mg-2AI-2Ca-0.2Mn. 

r0O17l A cold chamber type die-casting machine is used in the die-casting process of the present invention. This is 
because the hot chamber type die-casting machine is provided with an injection member of .ran wh.ch ^ to be 
because the noi cnamo iyp a d reaction witn a |, oys containing rare earth metals and/or 

SZ£ ^T^t^^^. this would cause various problems such as adhesion of a plunger 
to see" In particular, magnesium alloys having a to* aluminum content, for instance those having « lalurn^urr con- 
ent ranging from 2 to 6% by weight have often been used and in such cases, the use of a hot 
machine makes it difficult to cast a die cast product if the casting temperature is .ncreased to not less than 650 C. 
ToOlM ^e inject on conditions for the die-casting process of the present invention include the temperature of a 
So ten metl^f he Smperature of the molten metal in a mefting furnace is less than 650-C the flowab.hty of the molten 
me 2 is reduced and a problem arises, which relates to the mold-charging ability. On the other hand, it exceeds 750°C, 
^.^STef iSha a fire during holding the moKen meta, and the resuming die cast 

1 t fJannn and ^hrinkaoe tearina since the shrinkage factor increases when the molten metal is solidrf.ed. Therefore, 
the Zeratura TZZ^ZVs^Le maintained to the range of from 650to 750°C and desirably 650 to 710'C 
^T^S?«*«3ng velocity is one of the injection conditions in the die-casting process according to the present 
[0019 The cnargi ng veiocr y i solidification and therefore, it has been recom- 

ZE.» LraSe m ^^S^S^i^ alloy used in the present invention is liable to cause cracking 
due t th f Tn^TofZToZZ in particular, at the grain boundary in which the rate of solidification is r^at.vejy low 
"! IZfZTl is essential to apply a casting pressure to the entire region of castings. For this reason, the balance 
I t IZfral^^t anScooling through the mold wall should be taken into consideration and empincally, 
ST^^S^v^^S the molten meta, into the moid cavtty to 1/100 to 10/100 second and 
desirably 1 M t^fJo «i.d. To satisfy such requirements, the injection velocity is adjusted to not less than 2 nVsec 
ana i^rab y not less than 3.5 m/sec or the gate velocity is adjusted to not less than 30 m/sec and des.rab ly not less 
^an iZst t^L^ for charging the moften metal into the mold cavfty (mold-charging velocty) ,s longer 
than 1 O/Too sec a problem arises, which relates to either the mold-charging ability (insuffiaent chargmg) or the hot 
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tearing properties. 

[0020] The intensified pressure after charging is also one of the injection conditions in the die-casting process 
according to the present invention. It is necessary to prevent any insufficient charging and to inhibit hot tearing and 
shrinkage tearing when the molten metal is cooled and solidified by applying an intensified pressure to the mold cavity 
immed lately after the charging of the molten metal into the cavity. At this stage, the intensified pressure is not less than 
200 kgf/cm and desirably not less than 400 kgf/cm 2 . If such an intensified pressure is not applied, the charging of the 
mold cavity is insufficient and there Is observed cracks over the whole region in which the thickness of castings is 
changed. a 

[0021] The foregoing die cast injection conditions are correlated to one another and all of these conditions are 
essential to obtain acceptable thin castings of the magnesium alloy. More specifically, a magnesium alloy die cast prod- 
uct free of any hot tearing, shrinkage tearing and formation of shrinkage cavities can be obtained only when all of the 
following three requirements are satisfied: 

a) The temperature of the molten magnesium alloy is maintained at 650 to 750°C; 

b) The rate of charging the molten metal into the mold cavity is adjusted to 1/100 to 10/100 second- and 

c) The intensified pressure after the charging is set at a level of not less than 200 kgf/cm 2 . 

[0022] The temperature of the mold is one of the mold conditions in the die-casting process according to the 
present invention. If the mold temperature is less than 1 50°C. it has empirically been found that the molten metal-charg- 
ing ability is impaired and that a problem arises, which relates to the surface properties of the resulting castings such 
as film play even when the molten metal can be charged into the mold cavity. On the other hand, if the mold temperature 
exceeds 350°C, the resulting castings are susceptible to shrinkage tearing and hot tearing because of a low solidifica- 
tion velocity. Accordingly, the mold temperature is maintained at 150 to 350°C and desirably 1 80 to 280 a C 
[0023] Another mold condition in the die-casting process according to the present invention is local coolinq The 
castings may be liable to cause cracks at portions in which the thickness thereof is abruptly changed, depending on the 
shapes of the castings. In such cases, the temperature should locally be controlled in addition to the foregoing overall 
control of the mold temperature. This local temperature control may be carried out by, for instance, providing the mold 
with passages for a coolant at desired portions and passing a coolant such as water, an oil or air through the passages 
to thus cool the predetermined portions or by spraying a releasing agent or air on the predetermined portions of the 
resulting castings immediately after opening the mold. In any case, the surface temperature of the portions which 
require such local cooling should be reduced to a level of not less than 10K and desirably not less than 20K lower than 
that of the peripheral region of the mold in order to preferentially solidify the portions susceptible to shrinkage tearino 
and to thus inhibit any shrinkage tearing of the resulting castings. 

[0024] The pressure reduction in the mold is also one of the foregoing mold conditions in the die-casting process 
according to the present invention. The pressure in the mold must be reduced for the purpose of assisting the charqino 
of a molten metal into the mold cavity simultaneous with the inhibition of any turbulence of the molten metal flow due to 
he air in the mold. To this end, it is necessary to control the air pressure in the mold upon injection of the molten metal 
to not more than 1 00 mmHg and desirably not more than 50 mmHg. 

[0025] A releasing agent to be applied onto the inner wall of the mold also serves as one of the mold conditions As 
to cooling conditions for solidifying the molten metal, the releasing agent has a thermal insulation effect, which may 
delay the solidification of the molten metal to thus exert a casting pressure on the molten metal, in addition to the mold 
temperature conditions. To this end, it is quite effective to use at least one additive forthe releasing agent selected from 

mL 9 c ? UP c ° nsisting ° f 9raphite ' BN> water glass ' mica ' silica 9 el ' magnesium hydroxide and magnesium oxide 
[0026] The foregoing mold conditions are correlated with one another, but the mold temperature condition is partic- 
ularly important. In cases where a mold is completely free of any cavity portion susceptible to cause cracks in the die 
cast product, any local cooling can be omitted and therefore, the local cooling is excluded from the essential elements 
of the present invention. The pressure reduction in the mold and the use of additives forthe releasing agent are not 
always necessary requirements, but better results can be obtained by the simultaneous use of these requirements 
[0027] The present invention permits the casting of a die cast product of a magnesium alloy, which is free of anv 
isfied ann9 ' " ka9e teafing formation of an V shr inkage cavities, if these four mold conditions are completely sat- 

d) the mold temperature is maintained at 150 to 350°C; 

e) the temperature of the mold surface at cavity portions in which the die cast product is susceptible to shrinkaoe 
tearing is set at a level of not less than 1 0K higher than that of the peripheral portions thereof 

f) the air pressure within the mold during the die-casting step is controlled to not more than 100 mmHg- and 

g) an additive for a releasing agent to be applied onto the inner wall of the mold is at least one member selected 
from the group consisting of graphite, BN, water glass, mica, silica gel, magnesium hydroxide and magnesium 
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[0028] The magnesium anoys used in - pent invention = ,e 

consisting of rare earth metals, calcium and ^^^^X^^SSm atmosphere for inhibiting com- 
bustibility and oxidizability of the magnesium atoy higher For *^on. ap» » J condjtions for 
bastion and oxidation Is established overthe "^^2. To this end, there is used a closed 
the magnesium alloys in the die-castmg process accord ng t ttw MPresent i estab |ished overthe surface 
melting furnace in which a protective atmosphere for inhibmng ~n*u*«n ^dat.on 

of the moften magnesium alloy. Examples of such protechv T^^^S^. g Ls inert to the mol- 
t0 which at least one of SFe and SO, is added in an amount of not ess ^1 £ y ^ ^ ^ ^ ^ rf fte 

13T» a X^n^m^^ th. molten magnesium alloy is oxidized and there are observed 

r:r^ s ro^s p ^ — ^ out using . cold 

pumped out condi ti 0 ns in the die-casting process according to the present invention, the molten 

[0030] As one of the melting conditions in me aie casting i H position not less 

metal is not pumped out from the furnace at a Port-on near the '^^^^^^^ addition> » „ 
than 1 00 mm apart from the surface through ap art from the bottom on which 

aiso ^^' e * at ^r fte T^tr t P hus p L ntCent^ mTnt 0 f such intermetallic compounds. The term 

itb™r=^^ 

~;:?o^^ 

iron is inhibited and the wettability of the pot surface by the molten rietal « jj^^^ mr y 
molten meta, in the contact area between metal or by apply- 

ing pot, in particular, in the contact area between the P^*^™ ^J^^^o , 0 the combination thereof. 

[0032] l he foregoing menu y inhibited if the molten metal Is pumped out by the fore- 

srs~^. a rr srrnrJH . — — — - » 

pSjT 4 in .he present invention, if these malting oonditi.ns for the magn.siam alio, spumed Mo. are s.tisn.d: 
h) using a Cased moling lumac. in attach a pro.eotive atmosphere tor InhMfng oxnbaaaon and oxidation is .sat, 

mation of shrinkage cavities. 

tor mafdng th. magnum alio, "tern, such as the generation of, ,., 

^err^st^ 

£5 ^rrJESSl* inoes.gat.d ,o —on ofthe mold p,an ,0 he adopted 
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in the die-casting process for magnesium alloys and as a result, have found that there are some rules to be taken into 
consideration. More specifically, it is quite important, in the die-casting of a magnesium alloy, to pour the molten metal 
into the mold cavity in such a manner that the following requirements are satisfied: the molten metal is poured into the 
mold cavity (1 ) as a smooth molten metal flow free of any turbulence, (2) without causing any reduction in the flow rate 
(3) as a flow having a constant velocity and the highest possible linearity, (4) without causing any mutual disturbance 
between flows and (5) by rapidly charging the molten metal into the mold cavity. Thus, the foregoing problems such as 
the generation of any penetration, insufficient charging of the molten metal, hot tearing, shrinkage tearing film play and 
shnnkage cavity can certainly be solved or eliminated by the combination of the adoption of the optimized molding 
scheme with the rationalization of the foregoing injection and/or mold and/or magnesium alloy-melting conditions. 
[0037] In the mold plan preferably adopted in the die-casting process of the present invention, a plurality of gates 
are provided, runners directly connected to every gates through the sprue and the distance of the non-gate portion 
between the neighboring two gates is set at a level of not more than 1 0 mm except for cases wherein such a plan is not 
impossible from the viewpoint of the mold plan. 

[0038] In another mold plan preferably adopted in the die-casting process according to the present invention the 
mold is planed such that the mold satisfies at least one of the following requirements, in combination with the aforemen- 
tioned requirements: The volume of each runnerconnecting the sprue to each gate is identical to those of the other run- 
ners; the cross sectional area of each gate is planed such that it is proportional to the volume of the mold to be charged- 
the total cross sectional area of each runner extending from the sprue to each gate is maintained at a constant level in 
the directfon of the molten metal flow or continuously reduced along the direction; and the runner is planed so as to 
have a shape of not less than R5 as much as possible in order to make the molten metal flow smooth 
[0039] In a further mold plan preferably adopted in the die-casting process of the present invention, the mold is fur- 
ther preferably planed such that it satisfies the following requirement in addition to either or both of the foregoinq 
requirements: The velocity of the molten metal, which flows from the gate to the mold cavity, is set in such a manner 
that the velocity difference in the direction of the gate width is not less than 1 m/sec on the basis of the measurement 
25 or calculation of the molten metal flow. 

[0040] In a still further mold plan preferably adopted in the die-casting process of the present invention it is a prior 
condition to provide a plurality of gates. In such a mold plan provided with a plurality of gates, it is first necessary that 
the sprue is directly connected to each runner so as not to disturb the flow rate of the molten metal and the molten metal 
flow or that the sprue is directly connected to each separate runner. Moreover, at least two gates are disposed to make 
so the molten metal flow in each runner uniform and to simultaneously establish the cross sectional area of the gate in pro- 
portion to the shape of the molded product. However, the final number of gates and the cross sectional area of each 
gate are determined by the size and shape of the product and thus restricted by. for instance, the size of the mold the 
cost of the mold and the shrinkage factor of the material. However, it is rather desirable to adopt a multi-gate structure 
35 moWpten 5 * 6 9ate diameter Sma " de P endin 9 on the sha P e of the product while taking into consideration only the 

[0041] The runners and each gate disposed in such a manner should satisfy or preferably satisfy several basic plan 
conditions so that the molten metal is charged into the mold cavity without disturbing the molten metal flow as much as 
possible as has been discussed above. In other words, to charge the molten metal into the mold cavity without any dis- 
turbance of the meld flow, it is preferred that the runners connecting the sprue to at least two gates be so planed as to 
make the volumes of the runners identical to one another and that the molten metal be simultaneously charged into the 
mold cavity through the plurality of gates by establishing the cross sectional area of each gate such that it is proportional 
to the volume of the mold cavity to be charged through the gate. 

[0042] In addition, it is also preferred that the total cross sectional area of each runner, which connects the sprue 
to each gate be kept constant in the direction of the molten metal flow or continuously reduced so as not to reduce the 
flow rate of the molten metal (or melt). The runner is so planed that it has a shape of not less than R5 as much as pos- 
sible, in order to make the molten metal flow smooth. 

[0043] If the molten metal is straightly and rapidly charged into the mold cavity through the gates as has been dis- 
cussed above, cold shut is easily generated between gates. Therefore, when adopting the foregoing mold plan it is 
essential that the distance of the non-gate portion between the neighboring gates be controlled to not more than 1 0 mm 
except for cases in which the establishment of such a distance is forbidden from the viewpoint of the plan 
[0044] Moreover, velocity vectors of the molten metal flow other than those vertical to the cross section of the gate 
are generated in the widthwise direction of each gate, depending on the R of the runners. For this reason the molten 
metal velocity vertical to the cross section of the gate is reduced at the edge portion of the gate, in the velocity distribu- 
tion in the widthwise direction of the gate. Therefore, it is desirable that the velocity difference in the velocity distribution 
along the widthwise direction of the gate be controlled to a level of not more than 1 m/sec on the basis of the measure- 
ment or the molten metal flow calculation, so as to make the velocity distribution uniform as much as possible In this 
connection, the foregoing cold shut between gates would easily be generated as the velocity difference in this distribu- 
tion approaches 0 and therefore, the tendency of the molten metal flow at the edge portion of the gate should fully be 
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components: 

r^r^Sr^ the group eon«rrg of U » 5% by weigh, a rare c.rth •* 0.02 » 0% 
by weight of calcium and 0.2 to 1 0% by weight of silicon; and 

iii) not more than 1 .5% by weight of manganese; and 

iv) the balance of magnesium and inevitable impurities. 

ten magnesium alloy temperature . » not less = «\att SM c ? magnesium alloy, to ensure the surface 

[0O4S] To maintain the molten metal temper*™ M the 9>»P0™" metatontainlng 
increase the temperature of the mo.en nOl peM n the mo» „^«rt»TO P ^ ^ ^ 

furnace,, hut me temperature should <-^»J£££% ^Ltp^meBl^onJnlng pot to the gate por- 

not more than 720«C. rito Drocess according to the present invention, the temperature of the molten 

p.049] Consequent.* » the M« ^JSX^^e die-casting machine is maintained at 590 to 720°C. 
magnesium alloy at the gate portion of tne . cold f C "™ t r ji P i ! ° . te hj _ h a in tne inter mediate stage extending from the 
l0 050] Moreover, if the degree of coring - f ™^ ^ to solidrfy In the sleeve 

molten metal-containing pot to the gate portion, a part of the .molten « J » of oxidation is 

during the intermediate stage met/presentin themol- 

SSTn- -ntors -e intensively invest— 

meta. in the Intermediate stage ^ ^e posTn just above the sleeve while maintain- 

inventors have found ^'^^ the molten metal in the pot by adopting an 

ing the temperature of the molten metal at a level aimosi ■ ae i me tal-pouring system. Such automatic mol- 

without any modification. int^rmprfiate staae defined above, the sleeve of 

100521 T, reduce me extern of cooiing ^^"^^o^.mta, cortauctMy la no. 

::r=c.r^^^ 

perature of the molten metal present in the sleeve POrt»n. conductivity: 0.085 

[0053] Examples of materials for such a sleeve ™ ™ ^JJ^^E having lowtherma. conductivity 

0^0^^^ 

opined by freating'on-based or titanium-based substrates with the foregomg ceram.cs. 
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[0054] Further, to reduce the extent of cooling of the molten metal In the intermediate stage defined above, it is also 
effective to maintain the temperature of the molten metal present in the runner extending from the sprue to the gate por- 
tion by maintaining the temperature of the runner at not less than 1 50°C and desirably 1 80 to 350°C and simultaneously 
to apply, to the runner, at least one member selected from the group consisting of graphite, BN, water glass, mica, silica 
gel, magnesium hydroxide and magnesium oxide, which are excellent in the heat- retaining properties or to apply, to the 
runner, a releasing agent to which at least one of the foregoing substances is added. 

[0055] The present invention will hereunder be described in more detail with reference to the following Examples 
and Comparative Examples. The following magnesium alloys were used in the following Examples and Comparative 
Examples: 

Magnesium Alloy 1: Mg-5AI-2Ca-2RE-0.2Mn 
Magnesium Alloy 2: Mg-5AI-4Ca-0.2Mn 
Magnesium Alloy 3: Mg-5AI-4RE-0.2Mn 
Magnesium Alloy 4: Mg-5AI-8Si-0.2Mn 
Magnesium Alloy 5: Mg-9AI-2RE-1Si-0.05Ca-0.02Mn 
Magnesium Alloy 6: Mg-5AI-0.5RE-0.1Si-0.1Ca-0.02Mn 
Magnesium Alloy 7: Mg-2AI-2Ca-0.2Mn 
Magnesium Alloy 8: Mg-5AI-3Ca-0.2Mn 
Magnesium Alloy 9: Mg-5AI-4RE-0.2Mn-0.05Ca 
Magnesium Alloy 10: Mg-5AI-2Si-0.5RE-0.2Mn 
Magnesium Alloy 11: Mg-9AI-2Ca-2RE-1Si-0.2Mn 
Magnesium Alloy 12: Mg-5A!-4Ca-1 RE-0.2Mn 

Examples 1 to 7 and Comparative Examples 1 to 4 

[0056] In Example 1 , a box-like article made on an experimental basis having a size of 300 mm x 300 mm x 180 
mm and a thickness of 3 mm, which was an imitation of a motorcar part, was casted using an alloy 1 and 650t Machine 
available from UBE Co., Ltd. as a cold chamber type die-casting machine, under the following conditions: a molten alloy 
temperature of 700°C; a rate of charging the molten metal into the cavity of 5/1 00 second; an intensified pressure after 
charging, of 500 kgf/cm 2 ; a mold temperature of 200°C; and an air pressure in the mold during the die-casting of 50 
mrnHg. The results thus obtained are listed in the following Table 1 . On the other hand, Examples 2 to 7 and Compar- 
ative Examples 1 to 4 were carried out by changing the casting conditions from the standard ones defined above to 
those specified in the following Table 1 (the casting conditions, which were not clearly specified in Table 1, remained 
unchanged, i.e., were identical to the standard ones). These results are also summarized in Table 1 . 



Table 1 



Ex. No. 


Alloy No. 


Casting Conditions 


Results of Casting 


Judgment 


1 


1 


Standard 


Good 


Pass 


r 


1 


Molten metal Temperature: 630°C 


Insufficient Charging 


Fail 


2* 


1 


Molten metal Temperature: 780°C 


Uncontrollable Molten metal Burning 


Fail 


3* 


7 


Charging Velocity: 15/1 00 sec 


Insufficient Charging 


Fail 


4* 


2 


Intensified Pressure: 150 kgf/cm 2 


Hot tearing is observed 


Fail 


2 


2 


Charging Velocity: 2/1 00 sec 


Good 


Pass 


3 


3 


Intensified Pressure: 350 kgf/cm 2 


Good 


Pass 


4 


4 


Molten metal Temperature: 740°C 


Good 


Pass 


5 


5 


Molten metal Temperature: 660°C 


Good 


Pass 


6 


6 


Standard 


Good 


Pass 


7 


7 


Molten metal Temperature: 720°C 


Good 


Pass 
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Examples 8 to 12 and Comparative Examples 5 to 9 

using an alloy 1 and 650t Mach.ne ava.lable se 9 cond; an intensified pressure, after 

temperature of 700'C; a rate of charging . rtfton temperature at the portions having varying 
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Ex. No. 


Alloy No. 


Casting Conditions 


Results of Casting 


Judgment 


8 




Standard 


Good 


Pass 
Fail 


5* 


1 


The air pressure in the mold is not 


Insufficient Charging 




reduced 






9 


1 


The air pressure in the mol: 


Good 


Pass 






150mmHg 




Fail 


6* 


2 


Local cooling at 245°C 


Shrinkage tearing is caused at the 




portion where the thickness is 
changed 




10 


5 


Mold temperature: 150°C 


Good 


Pass 


7* 


7 


Mold temperature: 100°C 


Insufficient Charging 


Fail 


11 


7 


Mold temperature: 330°C 


Good 


Pass 


8* 


5 


Mold temperature: 370°C 


Hot tearing is observed 


Fail 


9* 


2 


Standard 


Penetration is caused at 95 shots 


allowable 


12 


2 


MgO is added to the releasing agent 


Good 


Pass 



*: Comparative Example. 



roo581 Separately the same procedures used in Example 12 were repeated except that graphite. BN water glass 

45 penetration in all of the cases thus examined. 

Examples 13 to 15 and Comparative Examples 1 0 to 1 1 

rnnwi in Example 1 3 the alloy 1 was melted using a closed melting furnace, the temperature of the molten metal 
lowing Table 3. 
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10 



Ex. No. 


Alloy No. 


I Casting Conditions 


Results of Casting 


Judgment 


13 


•j 


oianuaru 


Good 


Pass 


14 


2 


0.2% S0 2 was substituted for SF 6 


Good 


Pass 


15 


3 


50% C0 2 was substituted for dried air 


Good 


Pass 


10* 


3 


Open melting furnace was used 


It was impossible to control slight 
burning of molten metal 


allowable 


"' i 


1 


Molten metal was pumped out from the 
molten metal surface ' 


Entrapment of oxides was observed 


allowable 
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Example 16 

[0060] The mold was planed such that it satisfied the following requirements: 

• The number of gates was 4 and runners were disposed in such a manner that they directly connected the sprue to 
every gates; K 

• The length of the gate-free portion existing between the neighboring gates was set at 5 mnr 

• The volume of every runners each starting from sprue to the corresponding gate were identical to one another 

• The cross sectional area of each gate was set in such a manner that it was proportional to the volume of the molten 
metal to be charged through the gate; 

• The overall cross sectional area of each runner from the sprue to the corresponding gate was maintained constant 
in the direction along which the molten metal flew; and 

• The shape of the runner was so planed to have a diameter of not less than R1 5. 

[0061] A box-like article made on an experimental basis having a size of 300 mm x 300 mm x 180 mm and a thick- 

wh^lLT^V T ^ 'T*™ ° f 8 m ° t0rCar Partl WaS 038166 Usi " 9 the fore 9° in 9 moW P'an and alloys 8 to 1 1 , 
which was highly sensitive to hot tearing, and 650t Machine available from UBE Co., Ltd. as a cold chamber type die- 
casting machine, under the following conditions: a molten alloy temperature of 700°C; a rate of charging the molten 

20^T ^ ° f 5/100 r° nd: ^ intenSffled PreSSUre ' * Char ^' of 500 * moXmperatuJ of 

IIL^T an h a ' r f preSSUre he ™ ld durin 9 the d'e-casting of 40 mmHg. As a result, it was found that there were not 
observed any hot tearing in all of the four die-casting products at all. 

Example 17 

S . Die 0351 P !° 6l iT- ' 88 an artic,e made on an experimental basis, susceptible to the shrinkage tearing were 
produced using an alloy 1 2 Each product had a box-like shape similar to that produced in Example 16, but had four 
bottom comers whose thickness was changed from 3 mm to 10 mm. As a result, it was found that shrinkage tearing 
was observed at the periphery of the portion whose thickness was changed in a probability of about Sand there 
were observed penetration every 100 shots to 300 shots at portions in which the gate, were penetrated into", prod 

[0063] Thus, the mold portions wherein the thickness was changed were cooled to 230°C (the difference between 

toT«t°h? h it"* Circumfere " tial P° rtions of the ™ ,d was se < « 20-C), as a measure against the shrinkage tearing, 
to thus inhibit any occurrence of shrinkage tearing. y 

[0064] Alternatively, the casting was carried out after application of a releasing agent to which BN had been added 
to the portions where the penetration was observed, as a measure against the penetration. In this case the occurrence 
of any penetration could likewise be inhibited. Moreover, the same effect could be attained when graphite, water glass 
mica, silica gel, magnesium hydroxide or magnesium oxide was substituted for the BN. 

55 Examples 1 8 to 24 

[0065] Either of alloys 1 to 6 was melted using a closed melting furnace and the temperature (A) of the resultina 
molten metal present in a molten metal-accommodating pot was maintained at the level specified in the following Table 
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Thec.,dchambertyped,e^^ 
he sleeve of the die-casting machine used was one whose material^ was ■ speafted J T*J ^ ^ ^ ^ 

comprising a titanium alioy on which an SiN mmvc n ^Pounf S^?J££ was adopted as the automatic 
and Jhe sleeve was heated to the temperature specfied m Table 4 /The siphon ^tem P ^ ^ 

molten metal-supply system from the ^"^T^^^, hemolen metal were determined at the inlet 
e£ee^ 

[0067] Abox-like article made on an ^penmental ba^s havmg a 

ness of 3 mm, which was an imftation of a motorcar part, was ^S^tSlE^ng the molten metal into the 
of 200'C; an air pressure in the mold during the " nt2 connection, atalc<ontaining 

- - the mold - ^ results thus 

obtained are summarized in Table 4. 



Table 4 



50 



20 


Example No. 

Alloy No. 

Molten metal 
temperature Ain 


18 
680 


19 
2 
680 


20 
3 

680 


21 
4 
720 


22~" 

5 
650 


23 
6 

680 


24 

D 

740 


25 


pot, °C 
Tube-heating 


680 


680 


680 


720 


650 


680 


730 




temperature, °C 
Molten metal 


680 


680 


680 


720 


650 


680 


730 


30 


temperature at 
sleeve inlet, °C 

Material for 
sleeve/Thick- 


MC/15mm 


MC/15mm 


MC/15mm 


MC/15mm 


MC/15mm 


MC/15mm 


MC/15mm 


35 


ness 

Sleeve-heating 


400 


400 


400 


400 


400 


400 


400 




temperature, °C 
Molten metal 


640 


640 


640 


670 


610 


640 


710 




temperature B 
















40 


at gate, °C 
Temperature dif- 


40 


40 


40 


50 


40 


40 


30 




ference, A-B, K 

Quality of cast- 
ings 


Good 


Good 


Good 


Good 


Good 


Good 


Good 


45 









to the gate portion of the machine. 
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Claims 

1 A method for die-casting a magnesium alloy, which comprises the step of casting a die . cast ^product free of any hot 
* LTng shrinkage tearing and shrinkage cavity starting from a magnes.um alloy compnsmg 
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i) 1 to 1 0% by weight of aluminum; 

J) at least one member selected from the group consisting of 0.2 to 5% by weight of a rare earth metal 0 02 to 
5 /o by weight of calcium and 0.2 to 1 0% by weight of silicon; and iii) not more than 1 .5% by weight of manga- 
nese, and the balance of magnesium and inevitable impurities, 

using a cold chamber type die-casting machine, wherein 

a) the temperature of the molten magnesium alloy is maintained at 650 to 750°C; 

b) the charging velocity of the molten metal is set at 1/1 00 to 1 0/100 second; and 
C) the intensified pressure after the charging is set at a level of not less than 200 kgf/cm 2 . 

2. The die-casting method as set forth in claim 1 wherein a plurality of gates are provided, runners are directly con- 
nected to every gates through the sprue and the distance of the gate-free portion between the neighboring two 

It 1 ? ° f n0t m ° re than 1 ° mm 6XCept f0r Cases wherein such a P ,an is not Perked from the view- 
'5 point of the mold plan. 

3. The die-casting method as set forth in claim 2 wherein the mold is further planed in such a manner that the mold 
satisfies at least one of the following requirements: the volume of each runner connecting the sprue to each gate 

Znn^ °t ° WmerS '' the Cr0 " SeCti ° nal "** of each * ate is P |aned such a manner that it is 

proporttonal to the volume of the mold to be charged through the gate; the total cross sectional area of each runner 
extending from the sprue to each gate is maintained constant in the direction of the molten metal flow or continu- 
ously reduced along the direction; and the runner is planed so as to have a shape of not less than R5 as much as 
possible to make the molten metal flow smooth. 
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The d,e-casting method as set forth in claim 1 wherein the mold is planed in such a manner that it satisfies the fol- 

SL n T r Tt t ll Vel0City ° f m °' ten metal ' WhiGh fl0WS from the 9 ate to the mold cav '«V. set to such a 
level that the veloaty difference in the direction of the gate width is not less than 1 m/sec on the basis of the meas 

urement or calculation of the molten metal flow. 

5 ' LTn!T^ die T tin9 3 magnasium a,l °* which emprises the step of casting a die cast product free of any hot 
tearing, shrinkage tearing and shrinkage cavity starting from a magnesium alloy comprising 

i) 1 to 10% by weight of aluminum; 

jOj at .least one member selected from the group consisting of 0.2 to 5% by weight of a rare earth metal 0 02 to 
5 /o by weight of calcium and 0.2 to 1 0% by weight of silicon; and iii) not more than 1 .5% by weight of manga- 
nese, and the balance of magnesium and inevitable impurities, ' » a 

using a cold chamber type die-casting machine, wherein 

d) the mold temperature is maintained at 150 to 350°C; 

e) the temperature of the mold surface at cavity portion in which the die cast product is susceptible to shrinkaae 
teanng is set at a level of not less than 1 0K higher than that of the peripheral portions thereof 

f) the air pressure within the mold during the die-casting step is controlled to not more than 100 mmHq- and 

g) an addrt.ve for a releasing agent to be applied onto the inner wall of the mold is at least one member selected 
from the group consisting of graphite, BN, water glass, mica, silica gel, magnesium hydroxide and magnesium 

6 ' ^hersltisfied meth ° d 33 f ° rth in C ' aim 5 Whefein CaStin9 iS ° arried ° Ut ' WhNe the f ° ,IOWing cond *°ns are 

a) the temperature of the molten magnesium alloy is maintained at 650 to 750°C; 

b) the charging velocity of the molten metal is set at 1/1 00 to 1 0/1 00 second; and 

c) the intensified pressure after the charging is set at a level of not less than 200 kgf/cm 2 . 

7. The die-casting method as set forth in claim 5 wherein a plurality of gates are provided, runners are directly con- 
nected to. every gates through the sprue and the distance of the gate-free portion between the neighboring two 
gates Is set at a level of not more than 1 0 mm except for cases wherein such a plan is not permitted from the IZ 
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The ace a * g met^ . se, -erth In *m 7 — 

saMea at least one of me following retirements: ^""^^^HZS ,„ sue* a manner that it Is 

^r^n^^^ 

b=rn^:s 

possible to make the molten metal flow smooth. 

The d,e^n S method as set ,0* In o»lm S wherein J, meldi •^"^"ZefdS.^" s^a 
urement or calculation of the molten metal flow, 



nese, and the balance of magnesium and inevitable impurities, 
using a cold chamber type die-casting machine, wherein 

h ) a Cosed meiting furnace is used, in which a protective atmosphere for inhibiting combustion and oxidation 

to inhibit any entrapment of oxides and formation of film play. 

1 1 . The die-casting method as set forth in claim 1 0 wherein the casting is carried out, whi.e the following conditions are 
further satisfied: 

a) the temperature of the molten magnesium alloy is maintained at 650 to 750°C; 
b he chaming ve.ocity of the motten metal is set at 1/100 to 10/100 second; < «"d 
c) Se inteSd pressure after the charging is set at a level of not .ess than 200 kgf/cm . 

1 2. The die-cas^ng method as set forth in claim 1 0 wherein the casting is carried out, whi.e the following conditions are 
further satisfied: 

2 a rina is set at a level of not less than 1 0K higherthan that of the peripheral portions thereof 
oxide. 

1 3 . The die-casting method as set forth in c.aim 1 2 wherein the casting is carried out, whi.e the following conditions are 
further satisfied: 

a) the temperature of the molten magnesium alloy is maintained at 650 to 750°C; 
b the chaming velocity of the molten metal is set at 1/100 to 10/100 second; and 
c) the intended pressure after the charging is set at a level of not less than 200 kgf/cm* 

The die-casting method as set forth in Cairn « ^%£E£Z SSZ* 

point of the mold plan. 



5 14. 
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15. The die-casting method as set forth in claim 14 wherein the mold is further planed in such a manner that the mold 
satisfies at least one of the following requirements: the volume of each runner connecting the sprue to each gate 
is identical to those of the other runners; the cross sectional area of each gate is planed in such a manner that it is 
proportional to the volume of the mold to be charged through the gate; the total cross sectional area of each runner 

5 extending from the sprue to each gate is maintained constant in the direction of the molten metal flow or continu- 

ously reduced along the direction; and the runner is planed so as to have a shape of not less than R5 as much as 
possible to make the molten metal flow smooth, 

16. The die-casting method as set forth in claim 10 wherein the mold is planed in such a manner that it satisfies the 
w following requirement: the velocity of the molten metal, which flows from the gate to the mold cavity, is set to such 

a level that the velocity difference in the direction of the gate width is not less than 1 m/sec on the basis of the meas- 
urement or calculation of the molten metal flow. 

17. A method for die-casting a magnesium alloy, which comprises the step of casting a die cast product free of any hot 
15 tearing, shrinkage tearing and shrinkage cavity starting from a magnesium alloy comprising 

i) 1 to 10% by weight of aluminum; 

ii) at least one member selected from the group consisting of 0.2 to 5% by weight of a rare earth metal, 0.02 to 
5% by weight of calcium and 0.2 to 1 0% by weight of silicon; and iii) not more than 1 .5% by weight of manga- 

20 nese, and the balance of magnesium and inevitable impurities, 

wherein the temperature of the magnesium alloy at the gate portions of the cold chamber type die-casting machine 
is maintained at 590 to 720°C and the difference in temperature between the molten metal in the molten metal- 
accommodating pot and that present in the gate portions is maintained to not more than 105K. 

25 

18. The die-casting method as set forth in claim 17 wherein a siphon type, mechanical pump type, reduced pressure 
type or pressurized pump type, or electromagnetic pump type system is used as a molten metal supply-molten 
metal-pouring system for transferring the molten metal from the molten metal-accommodating pot to the sleeve of 
the cold chamber type die-casting machine. 

30 

19. The die-casting method as set forth in claim 18 wherein the sleeve of the die-casting machine is produced from a 
material whose thermal conductivity is not more than 0.085 cal/cm • s • °C and whose thickness is not less than 1 0 
mm and wherein the sleeve portion is heated to a temperature of not less than 100°C. 
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